The zeroth theorem of the history of science (enunciated by E. P. Fischer) and widely known in the mathematics community as Arnol'd's Principle (decreed by M. V. Berry), states that a discovery (rule,regularity, insight) named after someone (often) did not originate with that person.
INTRODUCTION
In a column entitled "Fremde Federn. Im Gegenteil," (very loosely, "Inappropriate At- Halley's comet was known 100 years before Halley noted its appearance at regular intervals and predicted correctly its next appearance).
Olber's paradox (1826) was discussed by Kelper (1610) and by Halley and Cheseaux in the 18th century. As it is, the Zeroth Theorem stands as an illustration of Berry's law.
In each example I present the bare bones of the issue -the named effect, the generally recognized "owner," the prior "claimant", with dates. After briefly describing the protagonists' origins and careers, I quote from the appropriate literature to establish the truth of the specific example.
II. THE LORENTZ CONDITION AND LORENTZ GAUGE FOR THE ELEC-TROMAGNETIC POTENTIALS
My first example is the Lorentz condition that defines the Lorentz gauge for the electromagnetic potentials ϕ and a. The relation was specified by the Dutch theoretical physicist Hendrik Antoon Lorentz in 1904 in an encyclopedia article. 4 In his notation the constraint reads:
or, in covariant form,
where A µ = (ϕ, a) and ∂ µ = ( ∂ c∂t , ∇). Eq. (1) or (2) is so famous and familiar that any citation of it will be to some textbook. If it is ever actually traced back to Lorentz, the reference will likely the cited encyclopedia article or his book, Theory of Electrons, 5 published in 1909.
Lorentz was not the first to point out Eq.(1). Thirty-seven years earlier, in 1867, the Danish theorist Ludvig Valentin Lorenz, writing about the identity of light with the electromagnetism of charges and currents, 6 stated the constraint on his choice of potentials. His version of Eq.(1) reads:
whereΩ is the scalar potential and (α, β, γ) are the components of the vector potential. The strange factors of 2 and 4 appearing here and below have their origins in a since abandoned definition of the electric current in terms of moving charges.
In 1900, in a Festschrift volume marking the 25th anniversary of H. A. Lorentz's doctorate, the Prussian theorist Emil Johann Wiechert described the introduction of the scalar and vector potentials into the Maxwell equations in much the way it is done in textbooks today. Because he is including light within his framework, he is not content with the quasistatic approximation. He proceeds to define the current density (electric field) components as (u, v, w), write a retarded form for the scalar potential, calledΩ, and then present the (almost) familiar expressions for the current density/electric field in terms of the scalar and vector potential:
"Hence the equations for the propagation of electricity, as regards the experiments on which they rest, are just as valid as [the quasi-static equations] if [...] the following form be assigned to them,
where, for brevity's sake, we put In his march toward the differential equations for the "fields," Lorenz notes that with his choice of the scalar and vector potentials:
". . . we obtain
"and in like manner for β, γ. . . . "
Lorenz then proceeds to derive the Ampère-Maxwell equation relating the curl of the magnetic field to the sum of the displacement current and the conduction current density and goes on to obtain the other equations equivalent to Maxwell's.
In the last part of his paper, Lorenz sets himself the task of reversing his path, beginning with his differential equations for the fields, which he views as describing light, and working back toward his form of the retarded potentials. Imposition of Eq. (3) 
und es ist
Zwischen den Potentialen besteht die Relation Here Θ(t) is the Heaviside or step function ( Θ(t) = 0 for t < 0, Θ(t) = 1 for t > 0, and
The origins of the delta function can be traced back to the early 19th century. 14 Cauchy and Poisson, and later Hermite, used a function D 1 :
, within double integrals in proof of the Fourier-integral theorem and took the limit λ → ∞ at the end of the calculation. In the second half of the century Kirchhoff, Kelvin, and
Helmholtz in other applications used similarly a function D 2 (t):
While these sharply peaked functions presage the delta function, it was Heaviside and then Dirac who gave it explicit, independent status. 
III.C Textual Evidence
From 1894 to 1898 Oliver Heaviside was publishing his operational calculus in The Electrician. In the March 15, 1895 issue he devoted a section to "Theory of an Impulsive Current produced by a Continued Impressed Force." 13 In it is the following partial paragraph:
"We have to note that if Q is any function of time, then pQ is its rate of increase.
If, then, as in the present case, Q is zero before and constant after t = 0, pQ is then zero except when t = 0. It is then infinite. But its total amount is Q. That is to say p1 means a function of t which is wholly concentrated at the moment t = 0, of total amount 1. It is an impulsive function, so to speak. The idea of an impulse is well known in mechanics, and it is essentially the same here.
Unlike the function (p) 1/2 1, the function p1 does not involve appeal either to experiment or to generalised differentiation, but only involves the ordinary ideas " 15. The δ function Our work in §10 led us to consider quantities involving a certain kind of infinity. To get a precise notation for dealing with these infinities, we introduce a quantity δ(x) depending on a parameter x satisfying the conditions
To get a picture of δ(x), take a function of the real variable x which vanishes everywhere except inside a small domain, of length ǫ say, surrounding the origin Tesla is thinking of power transmission, not radiation into space, and so is keeping the frequency down, 6 Hz being his minimum.
"Third. The most essential requirement is, however, that irrespective of frequency the wave or wave-train should continue for a certain interval of time, which I estimated to be not less than one twelfth or probably 0.08484 of a second and which is taken passing to and returning from the region diametrically opposite the pole over the earth's surface with a mean velocity of about four hundred and seventy-one thousand two hundred and forty kilometers per second."
The stated speed, given with such accuracy, is π/2 times the speed of light c. It makes the time for a pulse to travel over the surface from pole to pole equal to the time taken at speed c along a diameter. It would be natural to wish a pulse to have a certain duration if resonant propagation were envisioned, but the special significance of 0.08484 seconds is puzzling. Equating the surface time to the diameter time seems to tie back to his use of the diameter to find the frequencies.
That Tesla had ideas about low frequency electromagnetic modes encompassing the whole earth is clear. But he did not envision the conducting layer outside the earth's surface that creates a resonant cavity. There is no evidence that he ever observed propagation around the earth. And a decade earlier, FitzGerald discussed the phenomenon realistically.
In September 1893 FitzGerald presented a paper at the annual meeting of the British Association for the Advancement of Science. 20 An anonymous correspondent gave a summary of FitzGerald's talk in Nature. 21 I quote first from the Report of the British Association, which seems to be an abstract, submitted in advance of the meeting: 
Applying this to the case of the earth with a conducting layer at a height of 100 kilometres (much higher than is probable) it appears that a period of vibration of about one second is possible. A variation in the height of the conducting layer produces only a small effect upon this if the height be small compared to the diameter of the earth. . . . ."
FitzGerald's mention of one second is a bit curious, but may be a typographical error. In the limit of b → a, his formula yields T = πa/c ≈ 1/15 Hz −1 , a value that is off by just √ 2 from the correct T = 1/10.6 Hz −1 for perfect conductivity.
In the account of the BA meeting in the September 28, 1893 issue of Nature, the reporter notes that " Professor G. of virtual quanta. 25 Fermi was focused mainly on nonrelativistic collisions; a key aspect of the work of Weizsäcker and Williams, the appropriate choice of inertial frame in which to view the process, was missing. Nevertheless, the main ingredient, the equivalent spectrum of virtual photons to replace the fields of a charged particle, is Fermi's invention. A rough literal translation is "The electric field of a charged particle that passes by an atom, when decomposed into harmonics, is equivalent to the electric field of light with an appropriate frequency distribution. It will be assumed that the probability that an atom will be excited or ionized by the passing particle is equal to the probability for excitation or ionization through the equivalent radiation. This hypothesis will be applied to the excitation through electron collisions and to the ionizing power and range of α-particles."
That first sentence describes a key ingredient of the Weizsäcker-Williams method of virtual quanta. Because he was working before quantum mechanics had emerged, Fermi had to use empirical data for the photon-induced ionization and excitation of atoms to fold with the equivalent photon distribution. Explicitly, Fermi's expression for the probability of inelastic collision of a charged particle and an atom, to be integrated over equivalent photon frequencies and impact parameters of the collision, is
where J(ν) is the nonrelativistic limit of the equivalent photon flux density and α(ν) is the photon absorption coefficient. For K-shell ionization, for example, an approximate form is
where ν 0 is the K-shell threshold and H is an empirical constant.
Nine years later, E. J. Williams, in his own work on energy loss, 26 elsewhere, show that this formula may readily be derived by considering, in a system S ′ where the electron is initially at rest, the scattering by the electron of the harmonic components in the Fourier spectrum of the perturbing force due to the nucleus (which, in S ′ , is the moving particle). The calculations show that practically all the radiative energy loss comes from the scattering of those components with frequencies ∼ mc 2 /h, and also that Heitler and Sauter's formula is largely free from the condition Ze 2 /hc << 1, which generally has to be satisfied in order that Born's approximation (used by H and S) may be valid
The virtual quanta of the fields of the nucleus passing an electron in its rest frame S ′ are
Compton-scattered to give bremsstrahlung. Hard photons in the lab come fromhω ∼ mc 2 in the rest frame S ′ .
Weizsäcker 22 used the equivalent photon spectrum together with the Klein-Nishina formula for Compton scattering to show that the result was identical to the familiar Bethe-
Heitler formula for bremsstrahlung. In a long paper published in 1935 in the Proceedings of the Danish Academy, 24 Williams presented a more general discussion,"Correlation of certain collision problems with radiation theory," with the first reference being to Fermi.
Weizsäcker and Williams exploited special relativity to show that in very high energy radiative processes the dominant energies are always of order of the light particle's rest energy when seen in the appropriate reference frame. The possible failure of quantum electrodynamics at extreme energies, posited by Oppenheimer and others, does not occur.
The apparent anomalies in the cosmic rays were in fact evidence of then unknown particles (muons).
Fermi started it; Williams obviously knew of Fermi's virtual photons; he and Weizsaäcker chose the right rest frames for relativistic processes. The "Weizsäcker-Williams method of virtual quanta" continues to have wide and frequent applicability.
VI. BMT EQUATION FOR SPIN MOTION IN ELECTROMAGNETIC FIELDS
In 1959 
VI.E Textual Evidence
To show the close parallel between Thomas's work and the BMT paper 32 years later, we quote significant equations from both in facsimiles of the original notation.
In both Thomas's 1927 paper and the BMT paper of 1959 the motion of the charged particle is described by the Lorentz force equation, with no contribution from the action of the fields F µν on the magnetic moment. In Thomas's text the Lorentz force equation reads Here x µ is the particle's space-time coordinate and s is its proper time. In BMT's notation the equation reads more compactly as
where u is the particle's 4-velocity, and now τ is the proper time.
For the spin polarization motion, we quote first the BMT equation:
Here s(= s µ ) is the particle's 4-vector of spin angular momentum and g is the g-factor of the particle's magnetic moment, µ = geh s/2mc. For spin motion Thomas used both a spin 4-vector w µ and an antisymmetric second-rank tensor w µν . Here is Thomas's equivalent to the spatial part of BMT's spin equation, as he wrote it out explicitly. His β is what is usually called the relativistic factor γ; his λ = (g/2)e/mc: In 1926-27 Thomas was concerned about atomic physics; his focus was on the "Thomas factor" in the comparison of the fine structure and the anomalous Zeeman effect in hydrogen. Bargmann, Michel, and Telegdi focused on relativistic spin motion and how electromagnetic fields changed transverse polarization into longitudinal polarization and vice versa, with application to the measurement of the muon's g-factor in a storage ring.
But it was all in Thomas's 1927 paper, 32 years earlier.
VII. CONCLUSIONS
These five examples from physics illustrate the different ways that inappropriate attributions are given for significant contributions to science. of Schumann resonances. The interesting aspect is that it was a theoretical physicist, not an electrical engineer, who first discussed the Earth-ionosphere cavity, and in an insightful way. FitzGerald, in 1893, was indeed well before the appropriate time. And a talk to the British Association, followed by brief mention in a column in Nature, is not a prominent literature trail for later scientists. Schumann may be forgiven for not citing FitzGerald, even though early on Heaviside and Kennelly addressed the effects of the ionosphere on radio propagation and a number of researchers examined the cavity in the intervening years. 17 . I suggest a fitting solution to attribution would be "Schumann-FitzGerald resonances." 31 .
The name "Weizsäcker-Williams method (of virtual quanta)" is mainly the fault of the theoretical physics community. Certainly, in the mid-1930's the questions about the failure of QED at high energies were resolved by the work of Weizsäcker and Williams, and
Williams's Danish Academy paper showed the wide applicability of the method of virtual quanta together with special relativity. But Fermi was the first to publish the idea of the equivalence of the Fourier spectrum of the fields of a swiftly moving charged particle to a spectrum of photons in their actions on a struck system. Williams knew that and so stated.
The argument will be made that the choices of appropriate reference frame and struck system are vital to the Weizsäcker-Williams method, something Fermi did not discuss, but
Fermi deserves his due.
The relativistic equation for spin motion in electromagnetic fields is perhaps a narrow topic chiefly of interest to accelerator specialists. It is striking that it was fully developed by
Thomas at the dawn of quantum mechanics and before the discovery of repetitive particle accelerators such as the cyclotron. He was surely before his time. Bargmann, Michel, and
Telegdi were of an other era, with high energy physics a big business. The cuteness of the acronym BMT and the prestige of the authors made searches for prior work superfluous.
Although the use of "BMT equation" is common enough, it is encouraging that in the accelerator physics community the phrase "Thomas-BMT equation" is now frequently used in research papers and in reviews and handbooks.
32,33
The zeroth theorem/Arnol'd's law has some similarities to the "Matthew effect." 34 The
Matthew effect describes how a more prominent researcher will reap all the credit even if a lesser known person has done essentially the same work contemporaneously, or how the most senior researcher in a group effort will get all the recognition, even though all the real work was done by graduate students or postdocs. The zeroth theorem might be considered as the first kind of Matthew effect , but with some time delay, although some examples do not fit the prominent/lesser constrain. Neither do my examples reflect, as far as I know, the possible influence by the senior researcher or friends to discount or ignore the contributions of others. The zeroth theorem stands on its own, examples often arising because the first enunciator was before his/her time or because the community was not diligent in searching the prior literature before attaching a name to the discovery or relation or effect.
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